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Abstract

Background: Peripheral monocyte count is an assessable parameter. Recently, evidence suggested an elevated
preoperative monocyte counts predicting poor prognosis in malignancies. The aim of this study was to determine
the prognostic effect of early postoperative blood monocyte count in patients with lung adenocarcinoma or
squamous cell carcinoma following lobectomy.

Methods: We retrospectively reviewed patients with operated lung adenocarcinoma or squamous cell
carcinoma from 2006 to 2011 in Western China Lung Cancer database. Univariate analysis on disease-free
survival (DFS) and overall survival (OS) was performed using the Kaplan-Meier and log-rank tests, and
multivariate analysis was conducted using the Cox proportional hazards regression model.

Results: There were 433 patients enrolled in our analysis. High postoperative elevated monocyte was
associated with male gender (P < 0.001), positive smoking history (P=0.005), and higher N stage (P=0.002)
and higher tumor stage (P=0.026). Two-tailed log-rank test indicated patients with an early postoperative
elevated monocyte count predicted a poor DFS and OS overall (P<0.001, P<0.001, respectively) as well as in
subgroup analysis, and further presented as a promising independent prognostic factor for both DFS and OS
(HR=2.991, 95%Cl: 2.243-3.988, P < 0.001; HR = 2.705, 95%Cl: 1.977-3.700, P < 0.001, respectively) on multivariate
analysis. However, no significance was detected for preoperative monocyte in multivariate analysis.

Conclusions: Flevated early postoperative peripheral monocyte count was an independent prognostic factor of poor
prognosis and inferior clinicopathological features for patients with operable lung adenocarcinoma or squamous cell
carcinoma by lobectomy.
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Background

Lung cancer is the leading cause of cancer-related death
worldwide, with 5-year survival rates of less than 17%
[1]. Non-small-cell lung cancer (NSCLC) accounts for
approximately 85% of all lung cancers. NSCLC is further
subtyped into adenocarcinoma and squamous cell car-
cinoma, which respectively account for approximately
40% and 25-30% of lung cancers [1, 2]. If operable, sur-
gery provides the best chance to cure NSCLC [3]. There
is a need for a comprehensive perioperative evaluation
system for this deadly disease.

The interplay between cancer and inflammation was
postulated back in the late nineteenth century, and even
today continues to be an active area of research. [2].
Such research often focus on the effects of tissue necro-
sis factor (TNF), interleukin (IL)-1, IL-6, matrix metallo-
proteinases, vascular endothelial growth factor, etc.
However, peripheral blood cells, monocytes/macro-
phages, neutrophils, dendritic cells, and natural killer
cells form the first line of immune defense in normal sit-
uations [4]. Recently, elevated preoperative monocyte
counts have recently been shown to predict poor prog-
nosis in various types of malignancies, including hepatic
cell carcinoma, malignant lymphomas as well as lung
adenocarcinoma [5-7]. However, it is still unclear if an
elevated early postoperative monocyte count was associ-
ated with a poor prognosis in lung adenocarcinoma or
squamous cell carcinoma after lobectomy.

We focused on the early postoperative period because
it is the most turbulent stage of the host immune system
which may be caused by the surgical trauma and/or
tumor removal effect, and we hypothesized that this
change in immune environment is related with tumor
progression. The aim of this study was to evaluate
whether an elevated early postoperative monocyte count
predicted a poor prognosis in patients with operable
lung adenocarcinoma or squamous cell carcinoma after
lobectomy.

Methods

Study population

The data were retrieved from Western China Lung Can-
cer database (WCLC). We enrolled patients with oper-
able lung adenocarcinoma or squamous cell carcinoma
treated with lobectomy at West China Hospital, Sichuan
University between 2006 and 2011. All patients were >
18 years of age, with complete clinicopathological data,
and proven to be lung adenocarcinoma or squamous cell
carcinoma after surgery. Preoperative evaluation in-
cluded physical examination, blood routine examination,
tumor markers test, chest X-ray and computed tomog-
raphy, brain magnetic resonance imaging (MRI), bone
scintigraphy, and bronchoscopy and integrated positron
emission tomography scan and CT (PET/CT) scan when
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necessary. The eligibility criteria were: 1) lobectomy with
no microscopic residual tumor; 2) no preoperative
chemotherapy and/or radiotherapy; 3) no previous his-
tory of other malignancies; 4) no evidence of infections
such as pneumonia; 5) availability of laboratory data and
follow-up information. All peripheral venous blood sam-
ples were collected from patients within 1 week before
and 4 days after surgery. If multiple post-operative blood
samples were drawn, only the first sample after surgery
was used for analysis. Absolute peripheral blood count
and the percentage were analyzed for each blood sample.
Histological classification was made with reference to
the latest WHO guideline [8]. The stages of lung cancer
were confirmed based on the 7th edition of TNM classi-
fication of malignant tumors [9]. Study approval was
granted by the Institutional Review Board at the West
China Hospital, Sichuan University.

Evaluation of clinicopathological factors

Baseline characteristics included age, sex, underlying dis-
eases, smoking history, pathological stage, pathological
tumor status, pathological lymph node status, and per-
ipheral blood counts and the percentages. Blood samples
analysis were performed within the clinical laboratory of
our hospital with a Cell-Dyn 3700 (Abbott Diagnostics,
USA). Other data included the surgical date and
procedures.

Treatment and follow-up

Lobectomy was performed on all patients with intent to
cure, and systematic nodal dissection was carried out. The
resection was done both macroscopically and histologi-
cally with a negative tumor margin and no evidence of dis-
tant metastasis. Patients were regularly followed up at
outpatient department 1 month after surgery, every
3 months for the first year, every 6 months for the next
4 years, and once annually thereafter. Patients received a
physical examination, blood routine examination, chest
and brain and upper abdomen CT scan at each follow-up.
Bone scintigraphy was performed every 12 months. In
particular, all patients treated in our department received
phone call follow-up regularly, during which we recorded
their living status, tumor recurrence/metastasis condition,
and any adjuvant therapy such as chemotherapy and/or
radiotherapy, etc. The patients were followed until August
31, 2017 or until they died.

Statistical analysis

Receiver operating characteristic (ROC) curve was per-
formed to obtain the best cut-off value for monocyte
count to stratify patients at a high risk of tumor recur-
rence, distant metastasis, or death. In the ROC curve,
the point with the maximum sensitivity and specificity
was selected as the best cut-off value. Disease-free
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survival (DFS) was calculated from the date of surgery to
the date of recurrence/metastasis or death with any
cause, and overall survival (OS) was presented from the
date of surgery to the date of death with any cause. Fish-
er’s exact test or x2-test for categorical variables and
t-test for continuous variables were used to analyze the
clinicopathological features for the two groups divided
by the cut-off value of monocyte. A life table was made
to calculate 1, 3 and 5-year survival rate. Survival curves
were plotted using the Kaplan—Meier method and com-
pared using the log-rank test. The prognostic factors of
OS and DFS were analyzed by Cox proportional hazard
model with univariate and multivariate analysis. Factors
significant in the univariate analysis were included in the
multivariate analysis. Subgroup analysis was used to fur-
ther discriminate tumor prognosis between monocyte
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count and other prognostic factors: pathological stage,
histological type, etc. All P values were two-tailed with
less than 0.05 considered to be statistically significant.
Statistical analysis was performed using SPSS (SPSS ver-
sion 19.0, Chicago, IL, USA) and STATA 14.0 (STATA
Corporation, College Station, TX, USA). Survival curves
were drawn by GraphPad Prism 5.0 (GraphPad Software,
San Diego, CA).

Results

Retrospective study selection process

The selection process of patients was shown in Fig. 1.
There were 1665 patients identified in total. 1232 pa-
tients were excluded for cancer type, pathological stage,
or surgical procedure mismatch, previous history of ma-
lignancies or chemotherapy/radiotherapy, and those

Patients who underwent surgery for lung cancer
during Jan. 2006 to Dec. 2011

n=1665

-

Metastatic lung cancer: n=56
Small cell lung cancer:  n=20
NSCLC with neuroendocrine composition: n=35
Pathological-stage llIB: n=78
\Pathologiwl-stage V:  n=64

Patients who underwent surgery for stage |, II, and
1IA lung squamous carcinoma or adenocarcinoma

n=1412

Wedge resection or segmentectomy: n=171
n=103

n=276

No lymph node dissection:
Lymph node sampling:

node dissection

Patients with operable lung squamous carcinoma
or adenocarcinoma under lobectomy and lymph

n=862

Previous history of chemotherapy/radiotheraly: n=31
Previous history of malignancies: n=56

Blood sample was collected over schedule: n=197
Died from postoperative complications: n=28
Combined with pre/postoperative infections: n=49

Patients with operabl

node dissection mee

or adenocarcinoma under lobectomy and lymph

le lung squamous carcinoma

ting the above criteria
n=501

—[ Lostto follow-up:  n=68

[ Study pop

ulation n=433 ]

Fig. 1 Flow chart of patient selection
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co-morbid with infections. There were 433 patients en-
rolled in our analysis. The average age and standard de-
viation for the 433 patients were 60.6 and 10.0,
respectively. Among them, there were 278(64.2%) males
and 155(35.8%) females. Video-assisted thoracic surgery
(VATS) was performed in 221(51.0%) patients compared
with traditional thoracotomy surgery in 212(49.0%) pa-
tients. Specimens were histologically proven to be lung
adenocarcinoma in 264(61.0%) patients and squamous
cell carcinoma in 169(39.0%) patients. Details are pre-
sented in Table 1.

Cut-off selection for monocyte counts and survival rate
calculation

By analyzing the ROC curve, the cut-off value for pre-
operative monocyte count was 0.375*10°/L with the area
under the curve (AUC) of 0.566; while for postoperative
monocyte count, the cut-off value was 0.845*10°/L with
AUC of 0.692 (Fig. 2). The baseline characteristics were
stratified by high versus low preoperative monocyte and
early postoperative monocyte count (Table 1).

We then performed the Kaplan-Meier method to iden-
tify difference of survival rates between two groups
stratified by monocyte count (low vs. high) of both pre-
operative and early postoperative group.

Preoperative group OS and DFS

The 1-year OS of low and high subgroups were 95% and
93% (P =0.003), and the 1-year DFS of low and high sub-
groups were 82% and 85% (P =0.106). The 3-year OS of
low and high subgroups were 82% and 74% (P =0.003),
and the 3-year DFS of low and high subgroups were 67%
and 60% (P =0.106), respectively. Additionally, the 5-year
OS of low and high subgroups were 72% and 58% (P =
0.003), and the 5-year DFS of low and high subgroups
were 62% and 51% (P =0.106). However, when stratified
by gender, age, smoking history, stage, T stage, N stage

ROC curve
100+ .
Postoperation
Preoperation
75
— Reference

Sensitivity(%)
3

N
o
1

Postoperation AUC: 0.6922
Preoperation AUC: 0.5594

0 2I5 5l0 7I5 160

1-Specificity(%)
Fig. 2 Receiver operating characteristic curve for determination
of the cut-off value for monocyte. The cut-off value for preoperative
monocyte count was 0.375*10%/L with area under the curve (AUC) of
0.566; while 0.845*10%/L with AUC of 0.692 for postoperative
monocyte count
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and surgical procedure, no statistical significance were
seen in subgroup study of the preoperative group.

Early postoperative group OS and DFS

The 1-year OS of low and high subgroups were 96%
and 90% (P =0.004), and the 1-year DFS of low and
high subgroups were 90% and 71% (P <0.001). The
3-year OS of low and high subgroups were 89% and
62% (P <0.001), and the 3-year DFS of low subgroup
was 78% compared to 41% in high group (P <0.001).
In addition, the 5-year OS of low and high subgroups
were 79% and 46% (P <0.001), and the 5-year DES of
low and high subgroups were 72% and 33% (P < 0.001).
Overall, an early postoperative elevated monocyte
count was significantly associated with poor OS (P <
0.001) and DFS (P <0.001) (Fig. 3). In further analysis,
high level postoperative monocyte count was associ-
ated with poor OS and DFS in both adenocarcinoma
and squamous carcinoma subgroups (Fig. 4). These
differences were also significant in subgroup analysis
when stratified by gender, age, smoking history, stage,
T stage, N stage and surgical procedure in postopera-
tive group (Figs. 5, 6).
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Fig. 3 Disease-free survival (@) and overall survival (b) of high and
low postoperative monocyte level
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(a) Disease free survival
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Fig. 4 Disease-free survival and overall survival of 433 lung cancer patients with different monocyte stratified by histological type of adenocarcinoma
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Univariate analysis

Univariate prognostic analysis was performed to de-
tect the prognostic significance of clinicopathological
factors, and preoperative and early postoperative
blood monocyte count (Table 2). N stage (P <0.001),
tumor stage (P<0.001), histological type (P=0.014),
preoperative (P=0.023) and postoperative monocyte
count level (P<0.001) were significantly associated
with DFS, while age (P=0.017), surgery procedure (P
=0.002), T stage (P=0.003), N stage (P<0.001),
tumor stage (P<0.001), preoperative(P =0.024) and
postoperative monocyte count level (P < 0.001) showed
significant relationships with OS.

Multivariate analysis

The clinicopathological factors proved to be prognos-
tic predictors in univariate analysis were included as
covariates in further multivariate analysis (Table 3).
Finally, thoracotomy (HR =1.520, 95%CI: 1.117-2.069,
P=0.008), positive N status (HR=2.506, 95%CI:
1.625-3.864, P <0.001), Adenocarcinoma (HR =2.273,
95%CI: 1.181-4.374, P=0.014) and high postoperative
monocyte count (HR =2.991, 95%CI: 2.243-3.988, P <
0.001) were risk factors with statistical significance for
DES. Correspondingly, age (HR =1.022, 95%CI: 1.005—
1.038, P=0.009), thoracotomy (HR=1.700, 95%CI:
1.163-2.486, P =0.006), advanced tumor stage (HR =
2.253, 95%CI: 1.178-4.309, P <0.001), and high post-
operative monocyte count (HR =2.705, 95%CI: 1.977-
3.700, P <0.001) were observed as risk factors for OS.

However, preoperative monocyte was no more

associated with either DFS or OS within multivariate
analysis.

Discussion

Immune response is an essential component of tumor
progression. Studying the immune factors expressed
in the tumor microenvironment can further stratify
the prognosis of cancer [10]. Back in 1997, Negus et
al. had demonstrated that a number of cells express-
ing chemokine receptors could infiltrate to tumor
areas [11]. Since then, various experimental studies
have elucidated identities of these chemokines. In-
flammatory markers such as C-reactive protein in
esophageal squamous cancer [12], Colony-stimulating
factor-1 in mammary tumor [13], and inhibitors of
metalloproteinases in NSCLC [14], all have been sug-
gested as alternative markers for tumor progression
[8]. Meanwhile, the peripheral blood cell counts, an
easily assessible biomarker, has also been suggested as
predictors of tumor prognosis. An elevated neutrophil,
monocyte and leukocyte counts were proven to be as-
sociated with poor survival in patients with metastatic
melanoma [15].

High pre-operative monocyte count associated with poor
survival following surgical procedures

Monocytes belonged to circulating peripheral blood
cells that played the crucial role in immune response
with the capability of differentiating into macrophages
and antigen-presenting cells (APCs). Thus, they
formed the first line of innate immune defense [16].
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In addition, monocytes could activate T and B lym-
phocytes and further produce cytokines such as IL-12
and TNF-a to stimulate the immune response [17].
However, either overstimulation or immunosuppres-
sion of monocytes caused by surgical procedure and/
or other external factors could disrupt the immune
system [18, 19]. Previous studies have shown an ele-
vated preoperative monocyte count to be a poor
prognostic factor in esophageal squamous cell carcin-
oma, mantle cell lymphoma, follicular lymphoma, and
classical Hodgkin lymphoma, respectively [6, 7, 20, 21].
During the early postoperative period, absolute mono-
cyte count is increased but monocyte function is im-
paired, as demonstrated by a decreased ability to
synthesize IL-12 and TNF-a, to express HLA-DR, and
to act as the APC [22]. To the best of our knowledge,
this is the first study suggesting the prognostic signifi-
cance of the early postoperative monocyte count in
patients with lung adenocarcinoma or squamous cell
carcinoma after lobectomy.

Postulated pathophysiologic mechanisms of monocyte
proliferation in tumors

The mechanism of elevated monocyte count and poor
prognosis of several kinds of tumors is still unclear,
despite several proposed postulations. First, it was hy-
pothesized that monocytes are attracted by several cy-
tokines or chemokines to the tumor site and then
differentiated into tumor-associated macrophages
(TAMs), which further promoted those invading leu-
kocytes to bring out potentials of angiogenesis, motil-
ity, and invasion [23, 24]. Angiogenic signals from
surrounding cells resulted in vasodilatation and in-
creased vascular permeability [25, 26], forming a vi-
cious cycle for tumor progression. Second, human
monocyte subsets were differentiated according to
their surface CD14/CD16 expression as “majority/clas-
sical” (CD14++CD16-), “minority/non-classical”
(CD14 + CD16+) and the subset with pro-angiogenic
feature (CD14++CD16 + CCR2+) [27, 28]. Among all
subsets of the monocytes, the “majority/classical”
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accounts for approximately 90% of monocytes in
healthy people [29]. However, Schauer et al. found that
along with the increased number of monocytes, the
major monocyte population shifted from CD16- to
CD16+ after liver resection, showing a stronger poten-
tial of angiogenesis [30].

Macrophages types M1 and M2 and monocytes in post-
operative patient

It is known that classical monocytes are recruited to
tumor sites, contributing to tumor macrophage con-
tent and promoting tumor growth and metastasis [31].
Meanwhile, Hanna et al. also found out the potential
protective role of nonclassical “patrolling” monocytes
on tumor growth and metastasis [32]. This was also
our next step to find out whether it will happen after
lobectomy of lung cancer and what the exact type was
and the alternatives of the function in immunity.
Third, peripheral monocytes grow into TAMs when
entering tumor areas. TAMs are classified into two

phenotypes: M1 and M2. Activated M1 macrophages
have the anti-tumor response, while M2 macrophages,
activated by tumor-derived cytokines, were suitable
for tumor development [33, 34]. A previous study has
reported that circulating macrophages predict tumor
recurrence after surgery in patients with NSCLC [35],
while in this study, an elevated early postoperative
peripheral monocyte count was significantly associ-
ated with a poor prognosis in patients with lung
adenocarcinoma or squamous cell carcinoma after
lobectomy. These results suggest a complex associ-
ation between peripheral TAMs (M2 type) and mono-
cytes, though further studies are needed to verify this.
Moreover, the reason why we focused on the early
postoperative period - the most turbulent stage of host
immune system caused by surgical trauma and/or
tumor removal effect - was that we hypothesized that
immune environment changes in the early post-op
period might relate with tumor progression more
closely than that of the preoperative period.
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Table 3 Multivariate analysis of clinicopathological parameters and inflammatory biomarkers influencing prognosis

Category Variables HR (95% Cl) P?
Disease-free survival
Procedure VATS Reference
Thoracotomy 1.520(1.117-2.069) 0.008
N stage NO Reference
N1 2.319(1.584-3.396) <0.001
N2 2.584(1.845-3.620) <0.001
Histological type Squamous carcinoma Reference
Adenocarcinoma 2.273(1.181-4.374) 0.014
Postoperative monocyte <0.845 Reference
20.845 3.684(2.729-4.975) <0.001
Overall survival
Age Per year 1.034(1.014-1.054) 0.001
Procedure VATS Reference
Thoracotomy 1.700(1.163-2.486) 0.006
Stage I Reference
Il 2.228(1.383-3.592) 0.001
A 3.592(2.327-5.546) <0.001
Postoperative monocyte <0.845 Reference
20.845 3.403(2.362-4.902) <0.001

N stage node, VATS Video-assistant thoracoscopic surgery, HR hazard ratio, C/ confidence interval

2P value of multivariate analysis. P < 0.05 was considered statistically significant
The bold data means the data has statistically significance

Present study associates elevated early postoperative
monocyte counts with poor survival

In the present study, an elevated early postoperative
monocyte count was shown to predict a poor DFS and
OS both in the univariate and multivariate analysis. In
addition, as shown in the subgroup analysis, the mono-
cyte count was found to be significantly associated with
poor prognosis when stratified by gender, age, smoking
history, TNM stage, surgical procedure and histological
type. All of the above indicated that an elevated early
postoperative blood monocyte count to be a very strong
prognostic factor in tumor progression.

Limitations of current study

Limitations of the current study are inherent to its
design, including the retrospective data collection and
several confounding factors when comparing postopera-
tively. For example, a t-test performed from Table 1
shows an association of male gender with a high
post-operative monocyte count. Similarly, smoking is as-
sociated with a high post-operative monocyte count.
However, since male smokers outnumber female
smokers in China [36], and most of the patients in our
lung cancer clinic are male smokers, there is no way to
untangle these two factors in a retrospective study. Or
perhaps, an unidentified factor may influence both male

gender and smoking independently to cause monocyte
count increase. A prospective study may be able to
control for these confounders. Moreover, the small
number of patients, especially the cases with endpoints,
also limited the conclusion of the current study.

Cautious and prudent monitoring

Although there is no evidence currently to change the
management of patients following a lobectomy, we are
reporting some prognostic significance of the postoperative
monocyte count on survival. The increased mortality for
patients with elevated early postoperative monocyte, par-
ticularly in patients with squamous cell carcinoma, war-
rants a cautious approach to monitor disease progression.

Conclusion

The present study supported the prognostic significance
of early postoperative peripheral blood monocyte count
in patients with operable lung adenocarcinoma or squa-
mous cell carcinoma after lobectomy in both OS and
DFS. This easily measured blood parameter may provide
useful information for the clinicians to stratify patients.
Further investigations will be needed to figure out the
oncological significance of monocyte and its subsets,
and the association with the host inflammatory
microenvironment.
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